Introduction
Coronary artery ectasia (CAE) is a rare, yet well-recognized abnormality of the coronary anatomy. It is defined as dilation of >1.5 times normal adjacent segments of vessels, which can either be localized or diffuse. 1 The first case report of this condition was described by Bourgon 2 in1812, while the term ectasia was coined by Bjork 3 in
1966. The first literature review was published by Packard and Wechsler, 4 while Markis et al. 5 provided the first prospective evaluation of the incidence of CAE. Isolated CAE, which excludes atherosclerosis, connective tissue disorders, and other cardiac defects, is very rare with an angiographic frequency of 0.1-0.32%. 6, 7 Almost 20-30% of cases of coronary ectasia are congenital and the rest are acquired. Of the acquired cases, 50% are associated with atherosclerosis while 10%-20% are associated with inflammatory and connective tissue diseases, syphilis, and bacterial infections. [8] [9] [10] [11] The clinical symptoms of patients with isolated CAE vary greatly and may include typical angina, atypical angina or myocardial infarction. [12] [13] [14] All three coronary vessels can be ectatic, but an isolated artery is involved in 75% of patients. 15 Markis 5 classified CAE in four types: type 1 includes diffuse ectasia involving two or three vessels, type 2 includes diffuse ectasia in one vessel and discrete ectasia in another vessel, type 3 includes diffuse ectasia in only one vessel, and type 4 includes localized or segmental ectasia in only one vessel. Previous studies have shown isolated coronary ectasia not to be completely innocuous condition as half of the patients presents with myocardial infarction (MI) and many have angina. Markis et al. 5 found a 15% mortality rate after 7 years, which was similar to the mortality rate of medically treated triple vessel disease. The evaluation and characterization of isolated coronary ectasia represent a great diagnostic challenge with clinical and therapeutic implications. The present study aims to study the epidemiological, clinical, angiographic, and follow up characteristics of patients with isolated CAE.
Subjects and methods

Study population
The study group consisted of 52 patients found to have isolated coronary ectasia among the 4950 consecutive patients we reviewed, who underwent coronary angiography from January 2009 to August 2014, in the Department of Cardiology, NEIGRIHMS, Meghalaya, India. Indication for coronary angiography was typical angina or chest pain suggestive of angina, atypical chest pain, previous history of MI, and/or a positive exercise test. Patients with concomitant significant coronary artery disease (CAD), history of myocardial revascularisation and valvular heart disease were excluded from the study. The patient clinical characteristics including age, sex, smoking status, diabetes mellitus, dyslipidemia, and hypertension were recorded. Written consents were taken from all the patients. This study has been approved by institutional review committee and institute medical ethical committee.
Coronary angiography
Coronary angiograms were evaluated by two independent observers to identify the coronary artery anatomy and the presence of any ectasia as well as obstructive lesions in each vessel. Coronary ectasia was defined as dilatation of a coronary artery to 1.5 times or more the normal adjacent coronary segment. 5 Isolated CAE was defined as coronary ectasia in absence of concomitant obstructive CAD. Classification proposed by Markis 5 was used to describe the type of ectasia. Type I -diffuse ectasia of two or three vessels, Type II-diffuse disease in one vessel and localized disease in another vessel, Type III-diffuse ectasia of one vessel only, Type IV-localized or segmental ectasia.
Follow up
Follow-up data of the study patients were evaluated retrospectively and prospectively for a mean of 28 AE 20 months. Data onrecurrent chest pain, unstable angina(UA), MI, hospital admission for chest pain and cardiac death were collected from hospital medical records, by clinical examination and by telephone questionnaire.
Statistical analysis
Continuous variables were expressed as mean AE standard deviation and percentages were used for categorical variables.
Results
Among the 4950 coronary angiograms reviewed, 270 patients were found to have coronary ectasia (5.45%). Of them, 52 patients had isolated coronary ectasia (19.19%) . Overall the incidence of isolated CAE was 1.05%.
Clinical characteristics
The mean age was 53.4 years. A predominance of the male sex was seen (71.1%). Hypertension and diabetes were present in 59.6% and 30.7% of total patients,respectively. Smoking and dyslipidemia was present in 38% and 42.3%, respectively. 17.3% of patients had a family history of CAD, and 15.4% had previous history of MI. Two patients (3.8%) had associated abdominal aortic aneurysm. Most patients presented with angina on exertion (61.5%). Exertional dyspnoea was mode of presentation in eleven patients (21%), while nine patients (17%) presented with atypical chest pain. (Table 1) .
Angiographic characteristics
Ectasia affected single vessel in 61.5%, double vessel in 30.7%, and triple vessel in only 7.6% (Fig. 1) . The frequency of arterial involvement, in descending order was: left anterior descending artery (LAD) in 59.6%, right coronary artery (RCA) in 46.1%, left circumflex artery (LCX) in 36.5% and left main (LM) in 3.8% ( Table 2) . Out of total 76 lesions, discrete ectasia was found in 51.31%, and diffuse ectasia in 48.68%. Diffuse ectasia was seen more in RCA, whereas discrete ectasia was more common in LAD (Fig. 2) .
Using the Markis 5 classification of coronary ectasia, type IV ectasia was most common (51.92%), followed by type II (26.92%), type I (11.53%) and type III (9.61%), (Table 3 ).
Follow up characteristics
The mean follow up period was 28 AE 20 months. Out of 52 patients, 38 patients were asymptomatic, 10 patients (19.2%) had recurrent chest pain, 3 patients (5.7%) had unstable angina, and 1 patient (1.9%) had MI (Table 4 ).
Discussion
Coronary artery ectasia is considered an uncommon angiographic finding. Incidence varies from 0.3 to 4.9% in the general population. 16 In the three studies of ectasia from India, the incidence reported were 3.9% (1042 patients), 10.2% (185 patients) and 5.6% (300 patients) respectively. [17] [18] [19] In our study the incidence of CAE was 5.45%. Isolated CAE, in absence of coronary stenosis and other heart diseases, is rare, occurring in 0.1-0.32% of patients according to angiographic measurements. 6, 7 According to Al-Harthi et al. 20 the incidence of isolated CAE is 0.1-0.79%. In present study the incidence of isolated CAE was found to be 1.05%. Male sex was predominant (71.1%), which was consistent with the results of CASS registry. 7 Age does not have any additional influence according to most investigators. 15, 21 In the present study mean age was 53.4 years. Markis et al. 5 had noted a higher incidence of hypertension, in the present study the incidence was 59.6%. Hypercholesterolemia was suggested as a predisposing factor, as one study showed increased prevalence of ectasia in familial hypercholesterolemia patients. 21 In our study 42.3% patients were dyslipidemic.
The incidence of diabetes, smoking and family history of CAD, is consistent with previous study by Cheng et al. In the present study abdominal aortic aneurysm was found in only 3.8%, which defers from previously reported strong association with aortic aneurysms. 23 Demopoulos et al. 15 found an incidence of previous MI in the isolated CAE group to be 38.7%, which is much higher than in the present study (15.7%).
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In the present study, majority of patients presented with angina. Previous studies 5, 13 have suggested that coronary ectasia, without significant stenosis may be a cause of angina. The aneurysmal segments produces sluggish blood flow, with increased incidence of angina pectoris and even MI, regardless of the severity of coexisting coronary artery stenosis. This is attributed either to thrombotic occlusion of the aneurysmal vessel or to the repeated dissemination of microemboli to segments distal to the ectasia. 20, 24, 25 Slow coronary flow may also be a causative factor. 26 The pathophysiology of CAE is unclear. Various hypotheses have been proposed. Celik et al. 27 have postulated the role of atherosclerosis in the pathogenesis of isolated CAE, as they have shown increased carotid intima-media-thickness in patients of isolated CAE. Patients with isolated CAE, as compared with CAD and control group, showed higher concentration of soluble ICAM-1 suggesting the presence of a more severe chronic inflammation in the coronary circulation in these patients. 28 England et al. 29 has
reported an increased frequency of CAE in individuals who had been exposed to acetylcholinesterase inhibitors containing herbicide sprays, thus implicating the role of nitric oxide in the pathogenesis of CAE.
In our study we found LAD to be most commonly involved vessel followed by RCA and the LCX, which is different from many previous studies 15, 17, 30 but similar to Nyamu et al. 31 All three coronary vessels can be affected be ectatic, however in almost 75% of patients an isolated artery is ectatic. 20, 23 In the present study single vessel involvement was 61.50%. Ectasia of diffuse nature was predominantly seen in RCA, with LAD showing predominantly the discrete form of ectasia. In contrast to previous studies, 11, 15 in the present study Markis type IV ectasia was most common (51.92%), followed by type II (26.92%), type I (11.53%) and type III (9.61%). In our study we had a mean follow up period of 28 AE 20 months. Follow up data were obtained for all patients.
Recurrent episodes of chest pain without any dynamic ECG changes or enzyme rises were defined in 19.2% of the patients. This may lead to the conclusion that patients with isolated CAE have a relatively higher risk for angina.
Four patients were re-hospitalised, three for UA and one for MI. The exact pathophysiology of myocardial ischemia in patients with CAE is unknown. Various mechanisms including slow coronary flow and altered-flow dynamics have been implicated. Sayin et al. 32 postulated that CAE renders patients to higher risk of myocardial ischemia irrespective of extent of stenosis. Papadakis et al. 26 demonstrated that presence of CAE was associated with higher TIMI frame count indicating slower coronary flow, which was later confirmed by Akyurek et al. 33 Other possible mechanisms involved are spasm of the dilated arteries and dissection of the vessel wall. Similar to previous study by Demopoulos 15 there was no mortality in the present study. The accurate rate of mortality is unclear yet. In the literature, different CAE mortality rate is reported such as biannually 15%, and annually 1.5% in medically treated patients.
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However, Demopoulos et al. 15 reported good prognosis for isolated CAE despite history of previous MI. According to CASS study, there is no survival difference between patients with or without CAE. This study has some limitations. First, the number of patients was relatively small and a larger study is needed to reach a major conclusion. Second, lack of suitable control group. Third, data on drugs received by the patients and the impact of the drugs on clinical outcomes was not available.
Conclusion
The present study was a retrospective analysis of angiograms reported to have ectasia, with prospective follow up aimed at determining the incidence of specific cardiac events. Our study shows a relatively high angiographic prevalence of isolated coronary ectasia. LAD was the most commonly involved vessel by ectasia followed by RCA, LCX and LM coronary artery. Coronary ectasia without flow-limiting coronary artery disease may not be completely innocuous, since there is an association with angina and MI.
To conclude, isolated CAE is an important clinical condition requiring aggressive risk stratification. Table 4 Follow-up characteristics of study population.
Follow Up (mean AE SD)
28 AE 20 months (N = 52)
Total events, n,% 14/52 (26.9%) Recurrent chest pain, n,% 10 (19.2%) UA, n,% 3 (5.7%) MI, n,% 1 (1.9%) Heart Failure, n 0 Arrhythmias, n 0 Death, n 0 Abbreviation; UA = Unstable Angina, MI = Myocardial Infarction.
